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ABSTRACT
Background: High maternal dietary intakes in pregnancy may lead
to increased fetal growth and program neuroendocrine pathways
that result in greater appetite, energy intake, and adiposity in off-
spring later in life. Few prospective dietary studies have explored
this relation.
Objective: The objective was to assess associations of maternal
dietary intake in pregnancy and maternal and paternal dietary intake
postnatally with child dietary intake and adiposity.
Design: Dietary intakes of energy, protein, total fat, and carbohy-
drate were assessed prospectively in mothers during pregnancy, in
mothers and their partners at 47 mo postnatally, and in children at
10 y (n = 5717 mother-child pairs prenatally, 5593 mother-child
pairs postnatally, and 3009 father-child pairs). Child body compo-
sition was assessed at 9 and 11 y (n = 5725).
Results: Maternal dietary intakes of protein, fat (when adjusted for
energy intake), and carbohydrate in pregnancy were positively as-
sociated with child dietary intakes of the same nutrients, and these
associations were greater than those observed for paternal dietary
intake, which was not strongly associated with offspring diet. Asso-
ciations of maternal prenatal-offspring intakes were stronger than
those of maternal postnatal-offspring intakes for protein and fat.
Greater child energy and macronutrient intakes were only associ-
ated with greater adiposity in children when adjusted for potential
energy underreporting. Maternal diet during pregnancy was not
associated with offspring adiposity or lean mass.
Conclusion: The stronger prenatal maternal associations with child
dietary intake, particularly protein and fat, compared with both
paternal intake associations and maternal postnatal intake associa-
tions provide some evidence for in utero programming of offspring
appetite by maternal intake during pregnancy. Am J Clin Nutr
2010;91:748–56.
INTRODUCTION
Maternal plasma glucose concentrations during pregnancy are
a key determinant of fetal growth (1), and there is evidence that
maternal glucose concentrations affectoffspringsizeand adiposity
throughout life (2–10). The “hyperglycemia-hyperinsulinism”
mechanism has been recognized as important since ﬁrst pro-
posed in the 1950s (2, 3). It suggests that increased fetal se-
cretion of insulin in response to greater transfer of glucose
across the placenta stimulates greater somatic fetal growth and
higher levels of subcutaneous fat. In addition, mechanisms acting
via cognitive and neuroendocrine development and subsequent
offspring appetite and diet might be important (4–7). Although
this has been explored in animals and in relation to gestational
diabetesinhumans(8–10),toourknowledgenopreviousstudyin
humans has examined whether differences in maternal dietary
intake in pregnancy are related to offspring dietary intake and
adiposity in later life. Maternal macronutrient (carbohydrate, fat,
and protein) and energy intakes potentially inﬂuence fetal growth
and program future appetite. Glucose, amino acids, and free fatty
acids are all transported across the placenta (11), and maternal
glucose concentrations are inﬂuenced by total energy intake and
proportions of carbohydrate, fat, and protein (12, 13).
The aim of this study was to build on existing evidence
concerning maternal diet and glucose concentrations during
pregnancy and the effect of these on fetal growth and subsequent
offspring appetite and adiposity. The focus on maternal diet in
pregnancy is important because this is potentially modiﬁable. In
particular, we sought to explore the association of maternal
macronutrients and energy during pregnancy with offspring
macronutrient and energy intakes and to examine whether any
associations of maternal dietary intakes with offspring dietary
intakes have a subsequent effect on offspring fat mass. Associ-
ationsofmaternalmacronutrientandenergyintakewithoffspring
intake may occur as a result of shared familial dietary patterns or
genetic predisposition to certain tastes, rather than via intra-
uterinemechanisms.Toexaminetheextenttowhichthismightbe
1 From the MRC Centre for Causal Analyses in Translational Epidemiol-
ogy, Departments of Social Medicine (M-JAB, GDS, and DAL) and Oral and
Dental Science (ARN), University of Bristol, Bristol, United Kingdom;
School of Pharmacy and Biomolecular Sciences, University of Brighton,
Brighton, United Kingdom (IR); and the Centre for Child & Adolescent
Health, Department of Community Based Medicine, University of Bristol,
Bristol, United Kingdom (PE and VC).
2 The contents of this article represent the views of the authors and not
necessarily those of the funding bodies.
3 Supported by a grant from the National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases (R01 DK077659-
01); the UK Medical Research Council; the Wellcome Trust; and the Uni-
versity of Bristol (core support for ALSPAC). M-JAB was funded by a Sir
Henry Wellcome Postdoctoral Fellowship from the Wellcome Trust. GDS
and DAL work in a UK Medical Research Council Centre, which is sup-
ported by grant G0600705.
4 Address correspondence and reprint requests to M-JA Brion, MRC Cen-
tre for Causal Analyses in Translational Epidemiology, Department of Social
Medicine, University of Bristol, Oakﬁeld House, Oakﬁeld Grove, Bristol
BS8 2NB, United Kingdom. E-mail: marie-jo.brion@bristol.ac.uk.
Received September 7, 2009. Accepted for publication December 8, 2009.
First published online January 6, 2010; doi: 10.3945/ajcn.2009.28623.
748 Am J Clin Nutr 2010;91:748–56. Printed in USA.  2010 American Society for Nutritionthe case, we compared maternal-offspring associations with
paternal-offspring associations, assuming that a similar effect of
maternal and paternal dietary intake on offspring dietary intake
would imply shared familial, rather than intrauterine, mecha-
nisms(14).ThismethodwasimplementedpreviouslyintheAvon
Longitudinal Study of Parents and Children (ALSPAC) (15–17)
and was validated by the discordant associations of maternal and
paternal smoking with offspring birth weight (14), reﬂecting the
known intrauterine effects of maternal prenatal smoking on birth
weight. We also compared associations for maternal prenatal
intake-offspring intakes with associations for maternal postnatal
intake-offspring intakes. If maternal nutrient intake in pregnancy
has intrauterine effects on offspring appetite, we would expect




ALSPAC is a geographically based prospective cohort study
investigating the health and development of children (18).
Pregnant women residing in 3 health districts in the southwest
England with an expected date of delivery between 1 April 1991
and 31 December 1992 were eligible; 14,541 pregnant women
were recruited and 13,678 had a live-born, singleton child. In the
presentstudyweexcludedparentsandchildrenofmultiplebirths.
Of the singleton children with dietary data, there were 5717
maternal-childpairs,3009paternal-childpairs,and2968parental-
offspring trios available for the main analyses. All children were
invited to attend clinics at 9 and 11 y of age, during which time
body-composition measurements (fat, lean, and bone mass) were
taken. A total of 7585 singleton children had body-composition
measurements at either 9 or 11 y, and, of these children, 6589 had
dietary data and 5725 also had maternal prenatal dietary data and
fat mass; 5244 children had data on dietary intake, body com-
position, and maternal postnatal diet. Ethical approval of the
studywasobtainedfromtheALSPACLawandEthicsCommittee
and 3 Local Research Ethics Committees.
Maternal, paternal, and offspring dietary intake
Mothers completed a food-frequency questionnaire (FFQ) at
32 wk of gestation, at which time they indicated how often they
were currently consuming each of the 43 food groups. Together
with nutrient information on standard sized portions, intakes for
a range of nutrients, including energy, protein, fat, and carbo-
hydrate, were derived. A detailed description of the methods is
available elsewhere (19). Mothers and partners also completed
a similar FFQ 47 mo postnatally.
At 10 y, offspring diet was assessed by using three 1-d
unweighed dietary diaries in which children and caregivers
recorded everything the child ate and drank in household
measures for 2 weekdays and 1 weekend day. Completed diaries
were brought to the clinic, and nutrition ﬁeldworkers checked
through the diaries to increase completeness and remove
uncertainties. Diet diaries weretransformed into foodcodes, with
associated weights in grams for each item of food and drink
recorded, by the same ﬁeldworker using the DIDO program [Diet
in, Data out; see Glynn et al (20) for details]. Food codes and
nutrient content were derived from McCance and Widdowson’s
food tables and supplements (21–28). DIDO was used in con-
junction with BRIGADE, a nutrient analysis program, to gen-
erate the nutrient content of each food the child ate. These data
were used to generate average daily nutrient intakes and the
amount of various food groups consumed.
Likely underreporting of energy intake in mothers/partners
was calculated as reported daily energy intakes of ,120% of
their estimated basal metabolic rate (BMR) (29). Maternal/
partner BMRs were estimated by using Schoﬁeld’s equations for
adult men and women described in the UK Department of
Health Report on Social Sciences (30), which are based on age
and body mass index (BMI; in kg/m
2). In mothers, prepregnancy
BMI was used to estimate prenatal and postnatal BMR because
pre-/postnatal BMIs at these time points were not assessed or
unavailable. On the basis of this method, 2474 (43.3%) mothers
for prenatal diet, 1722 (33.3%) mothers for postnatal diet, and
22 (0.7%) fathers were classiﬁed as underreporters. The low
underreporting in men likely reﬂects differences in portion sizes
chosen to estimate the FFQ in men and women in ALSPAC,
with the ﬁxed portion size used in men being 20% larger than
that used in women. This was chosen based on evidence from
the British National Diet and Nutrition Survey. The use of ﬁxed
portion sizes is conventional with FFQ data, where no infor-
mation on portion size is collected. In children, underreporting
was deﬁned as a ratio of reported energy intake to predicted
energy requirements of ,78% (31, 32). Predicted energy re-
quirement was calculated from body weight after sex, age, and
energy requirements for growth had been taken into account
(32). Underreporting was identiﬁed for 1866 (32.6%) children.
Child fat and lean mass measures
At the 9- and 11-y time points, fat and lean mass were assessed
in children at the research clinics by using a Lunar Prodigy dual-
energy X-ray absorptiometry (DXA; GE Medical Systems Lunar,
Madison, WI) fan beam scanner (33). Brieﬂy, DXA measures
body bone, fat, and lean tissue by passing 2 different beams of X-
rayenergyofknownintensitythroughthebodyandbymeasuring
attenuation of the beam detector. Whole-body scans were carried
out with children wearing light clothing, with metal objects such
as bracelets and watches removed. CVs (in 122 children with
same-day repeat DXA measures at 9 y) were 2.27% and 1.12%
for total fat mass and lean mass, respectively.
Confounders
Maternal and paternal smoking habits were collected from
questionnaires sent at 18 wk gestation to mothers and their
partners. Mothers indicated the number of cigarettes smoked per
day in the ﬁrst3 mo of pregnancyand also in the past 2 wk. These
responses were combined to create a variable for any maternal
smoking during pregnancy. Mothers also indicated whether their
partner smoked. Partners were asked in their own questionnaire
whether they smoked regularly at any time in the past 9 mo.
Responses from mothers and partners were combined to create a
variable for partner smoking. Details of all previous pregnancies
resulting in either a live birth or a stillbirth, which enabled parity
to be derived, were also gathered from the questionnaire sent at
18 wk of gestation. In a questionnaire sent at 32 wk, mothers
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[none, Certiﬁcate of Secondary Education (CSE), national school
examsat16y),vocational,Olevel(nationalschoolexamsat16y,
higher than CSE), A level (national school exams at 18 y), or
university degree]. Mothers also recorded their occupation and
their partner’s occupation, which were used to allocate them
to social categories [I (professional) to V (unskilled manual
worker)] according to the 1991 Ofﬁce and Populations Censuses
andSurveysstandard(34).Asinglevariablewasderivedfromthe
highest social class of either parent. Maternal/paternal heights
were self-reported from questionnaires sent at 12 wk of gestation
to mothers and their partners. Child height at 10 y (for analyses
with child diet only) and height at 9 or 11 y (for analyses with
child fat and lean mass at 9 or 11 y) were measured to the nearest
millimeter by using a Harpenden stadiometer.
Statistical analysis
Nutrients were examined as continuous variables in their
original units (eg, g or kJ) and as z scores (SD scores). Data for
child fat mass and lean mass at 9 and 11 y were combined to
create a variable for fat/lean mass at 9 or 11 y. These fat and lean
mass variables were log transformed and converted to an age (in
1-mo categories) and sex standardized z scores for each of the
separate clinic visits (9 or 11). The z scores from the 9- and 11-y
visits were highly correlated (0.9 for both fat and lean mass),
and the ﬁnal combined outcome measure was the 9-y z score
plus, for those who only attended at 11 y, the 11-y z score, as
previously published (17). Associations of potential confounders
with child diet, fat and lean mass, maternal prenatal diet, and
paternal diet were carried out by using linear regression. Asso-
ciations between 1) maternal prenatal and postnatal diet and
offspring diet, 2) paternal diet and offspring diet, 3) child diet
and current fat and lean mass, and 4) maternal prenatal and
postnatal diet and offspring fat mass were analyzed by using
multiple linear regression adjusted for covariables. Mutually
adjusted regressions of protein, total fat, and carbohydrate in-
cluded together in the same model were explored for maternal
and paternal associations. Sex-speciﬁc associations and mutu-
ally adjusted associations for maternal prenatal and postnatal
diets were also explored. Macronutrients were adjusted for en-
ergy (35), and, for main analyses, we adjusted for dietary un-
derreporting in mothers, fathers, and children (results without
these adjustments presented as supplementary data). Sensitivity
analyses relating to nonpaternity of partners were performed in
STATA by using the Clemons command (36, 37). All analyses
were performed by using STATA 10 (Stata Corp, College Station,
TX).
RESULTS
Sample characteristics are presented in Table 1. Correlations
between parental macronutrient and energy intakes are pre-
sented in Table 2. Associations of potential confounders with
nutrient intakes in mothers (prenatal), fathers and offspring,
and offspring fat and lean mass are presented as supplementary
data (see Tables S1–S4 under “Supplemental data” in the online
issue). Maternal prenatal and paternal protein intakes were
positively associated with indicators of higher socioeconomic
position. Maternal and paternal fat intakes were inversely as-
sociated with indicators of socioeconomic position. Parental
energy and carbohydrate intakes showed inconsistent associa-
tions. Child energy intake was not associated with indicators of
socioeconomic position; however, child protein and carbohy-
drate intakes were positively associated with indicators of higher
socioeconomic position, whereas fat intake showed inverse as-
sociations. Child fat mass was inversely associated with in-
dicators of greater socioeconomic position, with lean mass only
associated with maternal and paternal smoking.
With adjustment for parental and child underreporting, ma-
ternal prenatal and postnatal macronutrient intakes (protein, fat,
and carbohydrate) were positively associated with intakes of the
same nutrients in offspring. Paternal macronutrient intakes were
not associated with these outcomes (Table 3). There was strong
statistical evidence of maternal compared with paternal differ-
ences in protein and fat associations with offspring intake (P for
heterogeneity between these estimates ,0.001 and 0.02, re-
spectively), but only weak evidence for parental differences for
carbohydrate intake (P = 0.1). Neither maternal nor paternal
energy intake was strongly associated with child energy intake.
Maternal postnatal macronutrient associations with offspring
intake were broadly similar to those seen for prenatal intake, but
with associations for protein and fat intakes being stronger for
prenatal than for postnatal intake (Table 3). However, there was
no strong evidence of statistical differences between maternal
prenatal and postnatal associations (P = 0.2 and 0.3 for protein
and fat, respectively). Results were similar in mutually adjusted
models with maternal prenatal and postnatal intakes included in
the same model, for each nutrient (results available from authors
on request).
Between-father variation in energy and macronutrient intakes
was much larger than the between-mother prenatal variation in
intake (paternal SDs were 1.5–2 times those of maternal SDs).
Therefore, scaling in terms of z scores results in comparing
associations per 1 unit in mothers and per 1.5–2 units in fathers
(where units represent kJ/g intake). Thus, we felt that using the
original units was a more equal comparison and focused on
these absolute dietary measures in this study.
Associations of parental and offspring macronutrient and
energy intakes, stratiﬁed by offspring sex, are presented in Table
4. In both male and female offspring, maternal prenatal protein
associations were stronger than paternal protein associations.
Sensitivity analyses were carried out to assess potential effects
of various possible rates of nonpaternity on the results (see Table
S6 under “Supplemental data” in the online issue). Even in
analyses adjusted for a hypothetical nonpaternity rate as high as
20%, there would still be evidence of a stronger association of
maternal prenatal protein intake in pregnancy with offspring
intake, compared with paternal protein intake, although evi-
dence is less robust for fat and carbohydrate intakes.
After underreporting and energy intake (macronutrients only)
were adjusted for, higher child energy intake (and to a lesser
extent protein intake) was associated with higher fat mass (Table
5). In mutually adjusted models (protein, fat, and carbohydrate
adjusted for each other), the strongest predictor of child fat mass
was fat intake and that for lean mass was carbohydrate intake.
Neither maternal prenatal nor paternal macronutrient and energy
intake was strongly associated with offspring fat or lean mass
(Table 6). Although there was some evidence of associations
with offspring fat mass, effect sizes were negligible. Maternal
750 BRION ET ALpostnatal macronutrient and energy intakes were also not
strongly associated with offspring fat and lean mass.
Main associations without adjustment for underreporting are
provided as supplementary data (see Tables S6–S8 under
“Supplemental data” in the online issue). Associations of parent-
offspring carbohydrate intake were much stronger in unadjusted
analyses, and maternal energy showed a strong association with
offspring energy intake. Additionally, child energy and fat in-
takes were inversely associated with both fat and lean mass
(both mutually adjusted model). The remaining associations
were similar.
DISCUSSION
Greater maternal prenatal macronutrient intakes (protein, fat,








Maternal — 7506 6 1959 2228–17,600
Paternal — 11,054 6 3047 3027–27,186
Protein (g/d)
Maternal — 67.8 6 18.0 16.3–158.1
Paternal — 101.6 6 27.0 34.5–334.3
Total fat (g/d)
Maternal — 70.5 6 22.6 15.4–204.7
Paternal — 104.2 6 34.9 17.1–302.0
Carbohydrate (g/d)
Maternal — 223.0 6 60.9 45.3–557.0
Paternal — 322.2 6 109.7 67.9–1104.2
Child dietary intake
Energy (kJ/d) — 7793 6 1571 2136–15,120
Protein (g/d) — 61.8 6 15.3 16.7–146.1
Total fat (g/d) — 75.3 6 19.6 16.9–183.2





V/IV 3.6 — —
III M 9.6 — —
III NM 25.0 — —
II 45.5 — —
I 16.3 — —
Maternal education
4
None/CSE 11.3 — —
Vocational 8.4 — —
O level 35.8 — —
A level 27.8 — —
Degree 16.7 — —
Paternal education
4
None/CSE 17.6 — —
Vocational 8.2 — —
O level 22.1 — —
A level 29.2 — —
Degree 22.8 — —
Maternal smoking
Yes 11.0 — —
Temporary 5.0 — —
No 84.0 — —
Paternal smoking
Yes 32.7 — —
No 67.3 — —
Parity
3 4.4 — —
,3 95.6 — —
1 n = 5717 for maternal/child data and 3009 for paternal/child data. CSE, Certiﬁcate of Secondary Education.
2 In the maternal/child diet sample.
3 Social categories ranging from I (professional) to V (unskilled manual worker).
4 O level (national school exams at 16 y, higher than CSE) and A level (national school exams at 18 y).
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offspring macronutrient intakes were stronger than for
paternal-offspring macronutrient associations, and maternal
prenatal-offspring associations for protein and fat intake were
stronger than maternal postnatal-offspring associations. After
dietary underreporting was adjusted for, child energy intake was
positively associated with child fat mass, and, when macro-
nutrients were adjusted for each other, protein, fat, and carbo-
hydrate were all associated with fat mass; the strongest predictor
was fat intake. Maternal prenatal or postnatal macronutrient and
energy intakes were not strongly associated with offspring fat or
lean mass.
If equal associations had been observed for maternal prenatal-
offspring nutrient intakes compared with paternal-offspring nu-
trient intakes, it would have suggested that common familial
components, such as shared diet, were the main drives of the
associations (14). This is because fathers could not inﬂuence
offspring diet via intrauterine mechanisms and it would be un-
likely for different parental mechanisms (intrauterine mecha-
nisms in mothers and completely different mechanisms in
fathers) to produce identical results. Because stronger maternal
associationswereobservedforprenatalmacronutrientintake,itis
possible that this reﬂected an intrauterine effect of fetal over-
nutrition on child appetite. However, it also possible that mothers
and their dietary habits have more inﬂuence on a child’s diet than
do fathers and their dietary habits. We aimed to separate potential
intrauterine effects from postnatal effects by comparing the
magnitude of maternal prenatal and maternal postnatal associ-
ations with offspring macronutrient intakes. For protein and fat
intake, maternal prenatal associations were stronger than post-
natal associations with offspring intake. If associations do indeed
reﬂect intrauterine effects, potential mechanisms may involve
effects of high prenatal carbohydrate, protein, and fat intakes on
greatermaternal glucoseconcentrations inpregnancy,whichmay
program offspring appetite. Animal studies report that both fetal
exposure to high glucose concentrations during development (6)
and increased maternal diet in pregnancy (7) result in altered
development of appetite regulatory systems in offspring. This has
only been explored in animals and, to our knowledge, this is the
ﬁrst study in humans to examine differences in maternal pre- and
postnatal dietary intakes and their relation with offspring adi-
posity and diet in later life.
Previous studies havereportedrelations between child diet and
parental diet (38, 39); however, most looked cross-sectionally at
parental diet at the time of child dietary assessment and very few
studies have data on paternal diet. Thus, the present study is
unique because it 1) assessed maternal nutrient intake speciﬁ-
cally during pregnancy (as well as postnatally and paternal in-
take at a similar time), 2) prospectively assessed parental and
offspring nutrient intakes, and 3) separately measured maternal
prenatal, maternal postnatal, and paternal nutrient intakes for
comparisons. This article suggests that, in addition to targeting
dietary habits in childhood (of both parents and child), as rec-
ommended from previous studies (39, 40), interventions tar-
geting maternal dietary habits in pregnancy or preconceptually
might be considered to establish good dietary habits in both
parents and offspring as early as possible. Prenatal diet was
measured at only one time point during pregnancy, 32 wk of
gestation; therefore, we do not know whether the results are
different for early pregnancy. Because diet in early and late
pregnancy is strongly and positively correlated (41), we would
not expect the results to be markedly different. This requires
conﬁrmation in future studies; however, we are not aware of any
cohorts of similar size with prospectively assessed dietary data,
both at multiple points during pregnancy and in offspring during
childhood, together with early postnatal and paternal diet data,
as presented here.
Limitations of the unquantiﬁed FFQs, used here to assess
maternal and partner diets, were discussed in detail previously
(19). These include assuming ﬁxed portion sizes and assuming
a representative selection of a heterogeneous food group (eg,
meat or shellﬁsh) is being eaten. Thus, FFQs generally have
limited accuracy in quantifying energy intake and absolute
intakes of macronutrients; however, they are suitable for ranking
individuals based on dietary intake (42), and FFQs are the most
feasible method for a survey of this size. It is possible, however,
TABLE 2
Correlation coefﬁcients between parental nutrient intakes assessed by food-frequency questionnaire
1
Maternal prenatal intake Maternal postnatal intake Paternal intake









Fat 0.44 0.90 0.69
Carbohydrate 0.43 0.93 0.71 0.73
Paternal intake
Energy 0.13 0.21
Protein 0.14 0.22 0.84
Fat 0.16 0.24 0.90 0.73
Carbohydrate 0.09 0.20 0.81 0.67 0.64
1 P , 0.001 for all correlations.
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Associations of parental diet with offspring diet adjusted for underreporting
1
Model 1 Model 2
Parental dietary intake b
2 95% CI P b
3 95% CI P
Difference in offspring energy intake (kJ)
Energy intake
Main maternal-paternal comparisons
z Scores for parental intake
Maternal prenatal energy (per SD; 1 SD = 1959 kJ) 34.6 210.2, 79.3 0.1 7.7 233.8, 49.2 0.7
Paternal energy (per SD; 1 SD = 3045 kJ) 29.6 214.2, 73.3 0.2 20.6 220.3, 61.5 0.3
Absolute intake
Maternal prenatal energy (per 2000 kJ) 33.5 29.9, 77.0 0.1 7.5 232.8, 47.8 0.7
Paternal energy (per 2000 kJ) 18.4 28.9, 45.7 0.2 12.8 212.7, 38.4 0.3
Mutually adjusted (absolute)
Maternal prenatal energy (per 2000 kJ) 46.8 215.9, 109.5 0.1 22.4 235.7, 80.6 0.4
Paternal energy (per 2000 kJ) 20.5 27.2, 48.2 0.1 14.5 211.3, 40.3 0.3
Maternal postnatal energy intake
Absolute energy intake (per 2000 kJ) 29.9 26.6, 66.3 0.1 10.1 223.7, 43.9 0.6
Difference in offspring protein intake (g)
Protein intake
Main maternal-paternal comparisons
z Scores for parental intake
Maternal prenatal protein (per SD; 1 SD = 18.0 g) 3.30 2.67, 3.92 ,0.001 3.14 2.52, 3.77 ,0.001
Paternal protein (per SD; 1 SD = 27.0 g) 1.77 0.85, 2.69 ,0.001 1.43 0.53, 2.32 0.002
Absolute intake
Maternal prenatal protein (per 20 g) 3.54 2.86, 4.21 ,0.001 3.37 2.70, 4.04 ,0.001
Paternal protein (per 20 g) 1.25 0.60, 1.90 ,0.001 1.01 0.37, 1.65 0.002
Mutually adjusted (absolute)
Maternal prenatal protein (per 20 g) 3.37 2.40, 4.34 ,0.001 3.20 2.24, 4.16 ,0.001
Paternal protein (per 20 g) 0.90 0.24, 1.56 0.008 0.71 0.06, 1.35 0.03
Maternal postnatal protein intake
Absolute protein intake (per 20 g) 2.80 2.21, 3.38 ,0.001 2.78 2.22, 3.35 ,0.001
Difference in offspring fat intake (g)
Fat intake
Main maternal-paternal comparisons
z Scores for parental intake
Maternal prenatal fat intake (per SD) 1 SD = 22.6 g 2.23 1.23, 3.24 ,0.001 1.81 0.84, 2.77 ,0.001
Paternal fat intake (per SD) 1 SD = 34.9 g 0.74 20.62, 2.09 0.3 0.50 20.80, 1.80 0.5
Absolute intake
Maternal prenatal fat intake (per 20 g) 1.89 1.04, 2.73 ,0.001 1.53 0.71, 2.34 ,0.001
Paternal fat intake (per 20 g) 0.41 20.34, 1.15 0.3 0.28 20.44, 0.99 0.5
Mutually adjusted (absolute)
Maternal prenatal fat intake (per 20 g) 2.22 1.01, 3.43 ,0.001 1.83 0.67, 2.99 0.002
Paternal fat intake (per 20 g) 0.21 20.55, 0.97 0.6 0.11 20.62, 0.83 0.8
Maternal postnatal fat intake
Absolute fat intake (per 20 g) 1.17 0.38, 1.96 0.004 0.95 0.19, 1.71 0.01
Difference in offspring carbohydrate intake (g)
Carbohydrate intake
Main maternal-paternal comparisons
z Scores for parental intake
Maternal prenatal carbohydrate (per SD; 1 SD = 60.9 g) 4.20 0.88, 7.52 0.01 4.91 1.75, 8.07 0.002
Paternal carbohydrate (per SD; 1 SD = 109.6 g) 2.04 20.63, 4.71 0.1 1.98 20.58, 4.54 0.1
Absolute intake
Maternal prenatal carbohydrate (per 50 g) 3.24 0.68, 5.80 0.01 3.78 1.35, 6.22 0.002
Paternal carbohydrate (per 50 g) 0.89 20.28, 2.06 0.1 0.86 20.25, 1.98 0.1
Mutually adjusted (absolute)
Maternal prenatal carbohydrate (per 50 g) 3.22 20.43, 6.86 0.08 3.68 0.19, 7.17 0.04
Paternal carbohydrate (per 50 g) 0.87 20.30, 2.04 0.1 0.82 20.30, 1.94 0.1
Maternal postnatal carbohydrate intake
Absolute carbohydrate intake (per 50 g) 3.58 1.41, 5.75 0.001 3.57 1.50, 5.64 0.001
1 n = 5718 for maternal prenatal, 3009 for paternal, 2968 for mutually adjusted models, and 5179 for maternal diet at 47 mo.
2 Linear regressions adjusted for maternal/paternal energy intake, maternal/paternal underreporting, and child underreporting.
3 Linear regressions adjusted for maternal/paternal energy intake, maternal/paternal dietary underreporting, child underreporting, maternal/paternal
height, child height at 10 y, social class, maternal education, paternal education, maternal smoking, paternal smoking, and parity.
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the chosen difference between males and females was incorrect.
In both sexes, error from ﬁxed portion would be expected to be
nondifferentialwithrespecttoachild’sdietat10y;therefore,this
would be expected to attenuate any true association. If the error
formen is greater than that forwomen, itmay explain, in part, the
difference in associations between maternal and paternal nutrient
intakes.
Limitations of diet diaries, which were used in the present
study to assess the children’s’ diet, have also been discussed
previously (20). These limitations include inaccuracies in esti-
mated portion sizes and underreporting of intake. However,
nutrient intakes in this cohort were comparable with those of
children in the British National Diet and Nutrition Survey based
on 7-d weighed dietary records (43).
Dietary assessments relying on participant reporting tend to
result in underreporting, particularly among heavier individuals.
Our ﬁndings suggest that 43.3%, 33.3%, 0.7%, and 32.6% of the
mothers prenatally, mothers postnatally, fathers, and offspring,
respectively, underreported their total energy intake. When
TABLE 5
Associations of child macronutrient and energy intakes with body composition
1
Model 1 Model 2
Child dietary intake b
2 95% CI P b
3 95% CI P
Difference in child fat mass (SD)
Child energy intake (SD) 1.36 1.24, 1.48 ,0.001 1.35 1.22, 1.47 ,0.001
Child protein intake (SD) 0.10 0.07, 0.12 ,0.001 0.10 0.07, 0.13 ,0.001
Child fat intake (SD) 0.12 0.00, 0.24 0.05 0.09 20.03, 0.21 0.1
Child carbohydrate intake (SD) 20.48 20.64, 20.33 ,0.001 20.45 20.61, 20.30 ,0.001
Mutually adjusted
4
Child protein intake (SD) 0.14 0.11, 0.16 ,0.001 0.14 0.12, 0.17 ,0.001
Child fat intake (SD) 0.47 0.38, 0.56 ,0.001 0.44 0.36, 0.53 ,0.001
Child carbohydrate intake (SD) 0.38 0.27, 0.48 ,0.001 0.39 0.29, 0.49 ,0.001
Difference in child lean mass (SD)
Child energy intake (SD) 0.47 0.38, 0.56 ,0.001 0.47 0.38, 0.56 ,0.001
Child protein intake (SD) 0.05 0.03, 0.07 ,0.001 0.05 0.03, 0.07 ,0.001
Child fat intake (SD) 20.20 20.29, 20.12 ,0.001 20.21 20.29, 20.12 ,0.001
Child carbohydrate intake (SD) 0.07 20.04, 0.18 0.2 0.07 20.04, 0.18 0.2
Mutually adjusted
4
Child protein intake (SD) 0.07 0.05, 0.09 ,0.001 0.07 0.05, 0.09 ,0.001
Child fat intake (SD) 0.00 20.06, 0.06 0.99 0.00 20.06, 0.06 0.9
Child carbohydrate intake (SD) 0.26 0.19, 0.33 ,0.001 0.26 0.19, 0.33 ,0.001
1 n = 5725. Lean mass was adjusted for total fat mass. Protein, fat, and carbohydrate were also adjusted for energy.
2 Linear regressions adjusted for dietary underreporting, height, and height squared at 9 and 11 y.
3 Linear regressions adjusted for dietary underreporting, height, height squared, social class, maternal education, paternal education, maternal smoking,
paternal smoking, and parity.
4 Protein, fat, and carbohydrate adjusted for one another.
TABLE 4
Associations of parental and offspring macronutrient and energy intakes stratiﬁed by offspring sex
1
Male offspring Female offspring
Parental intake b 95% CI P b 95% CI P
Offspring energy (kJ)
Maternal prenatal energy intake (per 2000 kJ) 29.0 266.7, 48.6 0.8 30.1 218.3, 78.6 0.2
Paternal energy intake (per 2000 kJ) 8.5 227.4, 44.3 0.6 20.1 210.8, 51.0 0.2
Offspring protein (g)
Maternal prenatal protein intake (per 20 g) 3.34 2.36, 4.32 ,0.001 3.14 2.28, 3.99 ,0.001
Paternal protein intake (per 20 g) 1.62 0.71, 2.53 ,0.001 0.51 20.31, 1.33 0.2
Offspring fat intake (g)
Maternal prenatal fat intake (per 20 g) 1.31 0.12, 2.49 0.03 1.98 0.92, 3.04 ,0.001
Paternal fat intake (per 20 g) 0.53 20.49, 1.55 0.3 0.03 20.92, 0.99 0.9
Offspring carbohydrate (g)
Maternal prenatal carbohydrate (per 50 g) 4.30 0.81, 7.80 0.02 3.06 0.02, 6.09 0.05
Paternal carbohydrate intake (per 50 g) 0.76 20.89, 2.41 0.4 1.31 20.03, 2.66 0.06
1 Male, n = 2828 (maternal) and 1514 (paternal); female, n = 2889 (maternal) and 1495 (paternal). Linear regressions were adjusted for maternal/paternal
energy, maternal/paternal dietary underreporting, child underreporting, maternal/paternal height, child height at 10 y, social class, maternal education, paternal
education, maternal smoking, paternal smoking, and parity.
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on the main results. As stated in Subjects and Methods, pre-
pregnancyBMI was usedto estimate prenatal and postnatalBMR
(and thus, energy underreporting) because BMIs at these time
points were unavailable. However, because BMR was estimated
by using the Schoﬁeld equation for adult women, we believe this
was a reasonable approach. Whereas some misclassiﬁcation in
energy underreporting may have occurred because of the use of
prepregnancy BMI, because maternal prenatal and postnatal size
are generally strongly and positively correlated, the effect of this
misclassiﬁcation will be the same at both time points and should
not explain differences in associations for prenatal and postnatal
nutrient intakes.
Finally, although we wanted to compare maternal nutrient
intakes in pregnancy with paternal intakes at the same time point,
we only had data for partners’ dietary intakes at 47 mo. Our
assumption was that this was a reasonable approximation of
father’s dietary intake at the time of pregnancy. In fact, if having
a child results in all family members eating more commonly
together, father’s diet may be more assimilated to the mothers by
47 mo than during pregnancy. Indeed, correlations between
maternal and paternal nutrient intakes were higher for maternal
postnatal diet than for maternal prenatal diet. As such, the as-
sociation of mother’s macronutrient intake in pregnancy with
offspring macronutrient intake (if acting via intrauterine mech-
anisms) may be even stronger than that of father’s macronutrient
intake with offspring’s intake than our results suggest.
In this contemporary British population, there was evidence
that maternal macronutrient intake during pregnancy has
a stronger inﬂuence on child macronutrient intake than does
maternalintakepostnatallyorpaternalmacronutrientintake.This
could reﬂect in utero programming of offspring appetite by
maternal diet during pregnancy. Encouraging pregnant women to
engage in healthy dietary behaviors may be of beneﬁt to the
development of the fetus and to later dietary habits of their
children.
We are extremely gratefulto all the familieswho took part in this study, the
midwives for their help in recruiting them, and the ALSPAC team, which
includes interviewers, computer and laboratory technicians, clerical workers,
research scientists, volunteers, managers, receptionists, and nurses.
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TABLE 6
Associations of parental macronutrient and energy intakes with child body composition
1
Model 1 Model 2
Parental dietary intake b
2 95% CI P b
3 95% CI P
Difference in child fat mass (SD)
Main maternal-paternal comparisons
Maternal prenatal energy (per 2000 kJ) 20.01 20.05, 0.02 0.4 0.00 20.04, 0.03 0.8
Paternal energy intake (per 2000 kJ) 20.04 20.06, 20.02 ,0.001 20.04 20.06, 20.02 ,0.001
Maternal prenatal protein (per 20 g) 0.00 20.04, 0.04 0.9 0.04 20.01, 0.08 0.1
Paternal protein intake (per 20 g) 0.01 20.03, 0.05 0.6 0.02 20.02, 0.06 0.3
Maternal prenatal fat intake (per 20 g) 0.06 0.01, 0.10 0.02 0.04 0.00, 0.09 0.08
Paternal fat intake (per 20 g) 0.01 20.03, 0.05 0.7 0.00 20.04, 0.04 0.99
Maternal prenatal carbohydrate (per 50 g) 20.06 20.11, 20.01 0.02 20.07 20.12, 20.02 0.005
Paternal carbohydrate intake (per 50 g) 0.02 0.00, 0.04 0.07 0.02 0.00, 0.05 0.04
Maternal postnatal diet
Maternal energy intake (per 2000 kJ) 20.02 20.05, 0.00 0.08 20.01 20.04, 0.01 0.3
Maternal protein intake (per 20 g) 0.10 0.06, 0.13 ,0.001 0.10 0.07, 0.14 ,0.001
Maternal fat intake (per 20g) 20.03 20.07, 0.01 0.1 20.04 20.08, 0.00 0.03
Maternal carbohydrate intake (per 50 g) 0.02 20.02, 0.06 0.3 0.02 20.02, 0.06 0.4
Difference in child lean mass (SD)
Main maternal-paternal comparisons
Maternal prenatal energy (per 2000 kJ) 20.01 20.03, 0.01 0.3 20.01 20.03, 0.01 0.2
Paternal energy intake (per 2000 kJ) 0.00 20.01, 0.01 0.9 0.00 20.01, 0.01 0.9
Maternal prenatal protein intake (per 20 g) 0.02 0.00, 0.05 0.08 0.03 0.00, 0.06 0.02
Paternal protein intake (per 20 g) 0.02 20.01, 0.04 0.2 0.02 20.01, 0.02 0.4
Maternal prenatal fat intake (per 20 g) 20.02 20.05, 0.01 0.3 20.02 20.05, 0.01 0.2
Paternal fat intake (per 20 g) 20.02 20.05, 0.01 0.1 20.02 20.05, 0.00 0.1
Maternal prenatal carbohydrate (per 50 g) 20.01 20.04, 0.03 0.7 20.01 20.04, 0.03 0.8
Paternal carbohydrate intake (per 50 g) 0.00 20.02, 0.02 0.9 0.00 20.02, 0.02 0.9
Maternal postnatal diet
Maternal energy intake (per 2000 kJ) 20.01 20.03, 0.00 0.09 20.01 20.03, 0.01 0.2
Maternal protein intake (per 20 g) 0.03 0.01, 0.06 0.003 0.04 0.02, 0.06 0.001
Maternal fat intake (per 20 g) 20.03 20.05, 0.00 0.05 20.03 20.06, 0.00 0.03
Maternal carbohydrate intake (per 50 g) 0.01 20.02, 0.04 0.4 0.01 20.02, 0.04 0.4
1 n = 5534 (maternal prenatal), 2942 (paternal), and 5593 (maternal 47 mo).
2 Linear regressions adjusted for maternal/paternal energy, maternal/paternal underreporting, child height, and height squared at 9 and 11 y.
3 Linear regressions adjusted for maternal/paternal energy, maternal/paternal underreporting, maternal/paternal height, child height, height squared,
social class, maternal education, paternal education, maternal smoking, paternal smoking, and parity.
MATERNAL PRENATAL AND OFFSPRING DIETS AND ADIPOSITY 755contributed to the collection and processing of dietary data; and DAL, GDS,
ARN, IR, PE, and VC: provided feedback on earlier versions of the manu-
script and contributed to the ﬁnal manuscript. None of the authors had any
ﬁnancial or personal interest in any of the companies or organizations spon-
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